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(54) Suction Mounting Head 



(57) A system and a nnethod for mounting electronic components on a printed circuit board are disclosed. 
The system comprises a component supporting stage, a board bearing stage, mounting heads 24, vacuum bits 
25, pressure sensors 28, device for computing thresholds, and device for determining the status of the pick-up 
operation of the vacuum bits. The method comprises the steps of detecting a first pressure value of a vacuum 
bit at which the vacuum bit is open and a second pressure value of the vacuum bit at which the vacuum bit is 
dosed, computing a threshold value in response to the detected first and second pressure values, and moving 
the mounting heads to the board bearing stage in response to a determination that the pressure value of the 
vacuum bit at which the component is picked up exceeds the threshold value. 
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A SYSTEM AND A METHOD FOR 
MOUNTING ELECTRONIC COMPONENTS 



BACKGRQTTTsfp Qp T^T? T yjVEWTjn^ 

A. Field of the Invention 

The present invention relates to a technique for 
automatically mounting electronic components on a board, such as 
a printed circuit board. 

B. Description of the Prior Art 

Fully automatic mounting system is used in mounting 
semiconductor devices such as integrated circuit, large 
scale-integrated circuit, diodes, condensers, resistors, and 
other small electrical units on a printed circuit board. 

The above mounting system includes guide rails that guide a 
printed circuit board (PCB) and define positions of the PCB onto 
a board bearing stage, component supporting stages for holding 
several kinds of electronic components to be mounted onto the 
PCB. and mounting heads moving horizontally in the direction of 
an X-axis and Y-axis for carrying the electronic components from 
the component supporting stages to the PCB for mounting the 
components. Each mounting head has vacuum bits, i.e. adsorption 
nozzles, which moves up and down over the board bearing stage and 
component supporting stages, A plurality of vacuum bits are 
supported by a bit sustainer or in other words a bit holder that 
allows the vacuum bits to be selected and replaced , and 
predetermined vacuum bit to be installed to the mounting head 
according to the si^e and variety of electronic components to be 
mounced on the PCB, 
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The vacuum bits are connected to a vacuum pump which causes 
a passage or hollow inside of the vacuum bit to be maintained at 
a certain negative atmosphere pressure so that the vacuum bit may 
hold an electronic component by vacuum. In order to 
automatically detect whether the vacuum bit picks up the part or 
not , each vacuum bit has a pressure sensor that senses the 
pressure value of the nozzle hole or hollow. 

The inside of the hollow is kept at substantially 
atmospheric pressure when the vacuum bit holds nothing, and the 
hollow attains subatmospheric pressure whenever the vacuum bit 
picks up or is holding the electronic component- Therefore, the 
pressure sensor detects the pressure value that is either close 
to or lower than the predetermined pressure to find out the 
status of the vacuum bit with respect to the electronic 
component . 

The vacuum bits of the bit holder are different from each 
other in diameter and there is difference in pi-essure at which 
the electronic components are held to the respective vacuum bits. 

If the pressure at which the vacuum bits pick up components 
is previously determined at a certain level, the pressure sensor 
detects whether that vacuum bit is correctly picking up the 
component. However, if the first vacuum bit is replaced with 
another vacuum bit, the latter vacuum bit does not hold the 
component at the same predetermined pressure as the first vacuum 
bit. In addition, each vacuum bit has varying adsorbing 
pressure levels depending upon the mounting condition with 

2 
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respect to the mounting head. 

When the pressure sensor detects that and electronic 
component is not held by the vacuum bit during the pick-up 
operation, the mounting head does not move the board bearing 
stage but rather toward an outlet and the vacuum bit is provided 
with constant pressure. This mounting system is designed to take 
into consideration a malfunction of the pressure sensor, i.e., a 
possibility that an electronic component is actually held by the 
vacuum bit even though the pressure sensor does not detect rhe 
vacuum bit picking up the component. Such errors may waste 
electronic components and adversely affect assembly performance 
of electronic components. 



gUMMAHY OF THP 7^/pxy>rj^,. 

Accordingly, the present invention encompasses a system and 
method for mounting electronic components that ensures correct 
detection of the pick-up condition of the vacuum bit. 

The presenc invention provides a method for mounting 
electronic components on a printed circuit board with a system 
having component supporting stages for holding the electronic 
components with mounting heads with detachable vacuum bits to 
pick up the electronic components and a board bearing stage for 
holding the printed circuit board, the method comprising the 
steps of detecting a first pressure value of a respective vacuum 
bit at which the respective vacuum bit is in an opening state; 
detecting a second pressure value of the respective vacuum bit at 
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which the respective vacuum bit is in a closing state; 
determining a threshold value in response to the detected first 
and second pressure values o£ the respective vacuum bit; and 
moving the mounting heads to the board bearing stage in response 
to a determination that the pressure value of the vacuum bit at 
which the electronic component is pick up exceeds the threshold 
value . 

In another aspect, the present system for mounting 
electronic components on a printed circuit board includes a 
component supporting stage for holding the electronic components 
wich mounting heads with detachable vacuum bits to picked up the 
electronic components; a board bearing stage for holding the 
printed circuit board where the electronic components are 
mounted; a pressure sensor for detecting a firsr pressure value 
of a respective vacuum bit at which the respective vacuum bit is 
in an opening state, and a second pressure value of the 
respective vacuum bit at which the respective vacuum bit is in a 
closing state; means for determining a threshold value in 
response to the detected first and second pressure values of the 
respective vacuum bit; and means for moving the mounting heads to 
the board bearing stage in response to a determination that che 
pressure value of the vacuum bit at which the electronic 
component is picked up exceeds the threshold value. 
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BRIEF DRgCRIPTTQW OF THE DRAWTWr f g 

Fig. 1 is a schematic plan view of a system for mounting 
electronic components in accordance with a preferred embodiment 
of Che present invention. 

Fig. 2 is a schematic front view of the system shown in Pig, 

1. 

Fig. 3 is a block diagram of a control circuit for the 
system shown in Fig. i. 

Pig. 4 is a flow chart of the operation of the system shown 
in Fig. l. 

DESCRIPTIOW OF THE PR EFERRgP KMBODIMENT 
Reference will now be made in detail to a preferred 
embodiment of the present invention, examples of which are 
illustrated in the accompanying drawings Figs, i to 4 . 

Referring to FIGS, l and 2. the electronic component 
mounting apparatus has a pair of main supports i and 2 disposed 
in parallel and guide rails 3 and 4 combined with the main 
supports 1 and 2, respectively. Orthogonal to the main supports 
1 and 2, a cross-bar 5 whose end portions are respectively 
coupled to the guide rails 3 and 4 is guided in the Y-axis 
direction along the main supports l and 2. A head unit. 6 is 
slidably coupled on a cross -bar S to move in the X-axis 
direction. 

To move the cross-bar S in the Y-axis direction, a ball 
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screw B driven by a motor 7 is rotatably combined with the main 
support 2. The ball screw 8 is threaded with an end portion of 
the cross-bar 5. An interlocking shaft 10 is installed to the 
cross-bar 5 in parallel with the cross-bar 5. Pinion gears 11 and 
12, being fixed to either end of the interlocking shaft 10, 
engage rack gears 13 and 14 fixed to the main supports 2 and 1, 
respectively. Therefore, when the ball screw B is driven by the 
motor 7, the cross-bar 5 moves in the Y-axis direction. Then, 
the pinion gears 11 and 12 engaged with the rack gears 13 and 14 
rotate, thus moving the cross-bar 5 in the Y-axis direction at 
right angles with respect to the main supports 1 and 2. 

A ball screw 15 is rotatably installed to the cross-bar 5 to 
move a head unit 6 in the X-axis direction. The ball screw 15 is 
threaded with the head unit 6 and may be driven by a timing belt 
(not shown) travelling over a pulley (not shown) installed on the 
shaft of a motor 16 and a pulley (not shown) installed at the 
ball screw 15 . 

A pair of guide members 21 and 22 are installed in parallel 
under the main supports 1 and 2 extending orthogonally with 
3-espect to the guide members. The guide members 21 and 22 form a 
conveyer for transferring a printed circuit board (PCB) 20. The 
. PCB 20 is guided to a predetermined position on a board 
supporting stage (not shown) by the guide members 21 and 22. The 
guide member 21 can move toward and away from the guide member 
22, according to the size of the PCB 20- 

A plurality of component stages 23 for supporting various 

6 
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eleccronic components are provided on both sides of the conveyer 
formed by the guide members 21 and 22. A plurality of mounting 
heads 24 are installed on the head unit 6 to mount the component 
of each component stage 23 on the PCB 20. 

As shown in FIG. 2. a mounting head 24 has a vacuum bit 25 
(no22le) which can move up and down. The vacuum bit 25 picks up 
a component from the component stage 23 and mounts the com.ponent 
at a predetermined position on the PCB 20 by moving the cross-bar 
5 along the main supports 1 and 2 in the Y-axis direction and by 
simultaneously moving the mounting head 24 along the cross-bar 5 
in the X.axis direction. To pick up the component, the vacuum 
bit 25 first moves downward towards the component stage 23. and 
then upward and to the predetermined position of the PCB 20. 
Thereafter, by lowering the vacuum bit 25. the component is 
mounted at the predetermined position on the PCB 20. 

The vacuum bit 25 has a nozzle hole 26 communicating with a 
vacuum pump 27. The component is picked up and held againsc the 
end of the vacuum bit 25 by vacuum pressure provided by the 
vacuum pump 27 through the nozzle hole 26. A pressure sensor 28 
is provided to detect the pressure at the nozzle hole 26. which 
approximates atmospheric pressure when the vacuum bit 25 is free 
of the component and, using the vacuum pump 27, is set at a 
predetermined level below atmospheric pressure whenever the 
vacuum bit 25 holds a component. Although FIG. 2 shows one 
pressure sensor 28 installed only in a single mounting head 24. 
same pressure sensors are in fact provided for each mounting head 
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24 . 

Fig. 3 ia a block diagram of a control circuit for the 
present syatem for mounting electronic components. Detecting 
signals produced from the pressure sensor 28 are input into a 
central processing unit 31 of the control circuit through an 
analogue-digital converter or interface. A command signal ia 
generated by a control panel 32 and transmitted to the CPU 31. 
The CPU 31 then generates and transmits control signals to the 
motor 7 for driving the vacuum pump 27 and moving the cross bar 5 
in the Y-axis direction to the horizontal head driving motor 16 
for driving the head unit 6 in the X-axis direction, and to a 
vertical vacuum bit driving motor 33 for moving the vacuum bit up 
and down. 

A storage medium, such as a read-only-memory (ROM) storing a 
process for controlling the above-mentioned motors and a 
random-access -memory (RAM) for recording the control information, 
is provided either internally or external to the CPU 31. One of 
a plurality of vacuum bits 25 is used according to the size or 
variety of electronic components W to pick up, and are supported 
by a bit holder 29 shown in Fig. 1. The selected vacuum bit 25 
appropriate for the electronic component W to be mounted, and is 
then provided to the mounting head 24 according to the electronic 
component W . 

Since the pressure inside of hollows varies among the vacuum 
bits 25, when picking up electronic components, the vacuum bits 
2S are moved to a test member disposed at a predetermined 

8 
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position, with the hollows closed, before one of the vacuum bits 
25 is selected and mounted to the mounting head 24. The pressure 
value at which the vacuum bit 25 is closed (or in a "closing" 
state) is detected by the pressure sensor 28. and transmitted to 
the CPU 31 to be recorded externally or internally in the 
incorporated memory 34. Likewise, the pressure value at which 
the vacuum bit 25 is open (or in an "opening" state) is also 
detected by the pressure sensor 28 is stored in the memory 34. 

In accordance with the above pressure values, the CPU 31 
determines a threshold value at which the vacuum bit 2 5 securely 
holds the electronic component W. The threshold values are 
stored in the memory 34. The threshold values corresponding to 
the vacuum bit 25 is provided to the mounting head 24 before a 
pick-up operation is carried out. 

Fig. 4 depicts the steps operating the present system for 
mounting electronic components in accordance with a preferred 
embodiment of the present invention. 

When a start switch of the control panel 32 is turned on 
(SI) . the mounting head or heads 24 are moved to the bit holder 
29 of Pig. 1 (S2) . 

The vacuum bit 25 of the mounting head 24 moves to the 
predetermined component stage 23 by simultaneously moving the 
cross-bar 5 in the Y-axis direction and the mounting head 24 
along the cross-bar in the X-axis direction. Here., the hollow 
rod 4 0 advances downwardly or, descends by the driving force of 
the motor 45, such that the vacuum bit 25 makes contact with the 

9 
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component. The component is then picked up and held against the 
vacuum bit 25 by vacuum pressure provided by the vacuum pump 27. 

The end of the vacuum bit 25 that is being mounted on the 
mounting head 24 is not opened and while driving the vacuum pump 
27. the pressure value at which the vacuum bit 25 is in the 
opening state is detected by the pressure sensor 28 (S4) and 
input into the memory 34. The closing operation of the vacuum 
bit 25 is then carried out (55). Thereafter, the vacuum bit 25 
is moved to a test area formed with a predetermined degree of 
flatness and the vacuum bit 25 is shifted downward and then 
closed. At this point, the pressure value at which the vacuum 
bit 25 is in the closing state is detected (36) by the pressure 
sensor 28. The pressure sensor 28 determines che scatus of a 
pick-up operation of the vacuum bit 25 according to the detected 
pressure values at which the vacuum bit 25 is in the opening and 
closing states. A threshold pressure value is determined by the 
CPU 31 (S7) and stored in the memory 34. thereby completing the 
preparation for mounting electronic components. 

When the head unit has three mounting heads 24. as shown in 
Fig. 1, three sets of threshold values for each vacuum bit 25 
mounted on the mounting head 24 are computed. All of 
predetermined electronic components are mounted on the PCB 20 
(SS). When the mounting is completed for the PCB 20. a new print 
circuit board without mounted electronic components is 
transferred by the guide members 21 and 22 to a predetermined 
position of the board bearing stage. if the pressure sensor 28 
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detects a negative pressure value beyond a predecermined 
threshold even though the pick-up operation is carried out, it 
might be an erroneous operation. The mounting heads 24 are 
returned to a position of waste, and the vacuum condition is 
released. 

If the CPU 31 determines (S9) that the operation for 
mounting electronic components of a different type on a new 
printed circuit board, after completing the seeps for tnouncing 
electronic components of the same type as the former ones on. 
the PCB, the mounting operation is stopped at Sio. Preferably, 
computation of a threshold values of the respective vacuum bits 
25 is carried out every time the vacuum bits 25 are mounted on 
the mounting heads 24. and such computation may also be performed 
every time the process for mounting a predetermined number of 
electronic components W is completed, in case negative pressure 
is varied with repetition of the pick-up operation. 

As mentioned above, as the threshold value of each vacuum 
bit 25 is detected by the corresponding pressure sensor 28 with 
high precision, it is possible to prevent misjudgment or 
miscalculation of the pick-up condition of the vacuum bits 25. 
Accordingly, the present system avoids any erroneous operation 
during the mounting steps electronic components on a printed 
circuit board, and enhances component -mounting efficiency as well 
as production yield. 

The preferred embodiment of the present invention is given 
by way of example, and the invention recited in the attached 
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claims is not limited to the illustrated embodiment. Those of 
ordinary skill in the art will recognize that design changes may 
be made to the exemplary embodiment without departing from the 
scope of the claims. 



12 



CLAIMS* 

1. A method for mounting electronic components on a 
printed circuit board with a system having component supporting 
stages for holding said electronic components with mounting heads 
with detachable vacuum bits to pick up the electronic components 
and a board bearing stage for holding the printed circuit board, 
said method comprising the steps of : 

detecting a first pressure value of a respective vacuum bit 

at which the respective vacuum bit is in an opening stated- 
detecting a second pressure value of the respective vacuum 

bit at which the respective vacuum bit is in a closing scace; 
determining a threshold value in response to the detected 

first and second pressure values of the respective vacuum bit; 

and 

moving the mounting heads to the board bearing stage in 
response to a determination that the pressure value of the vacuum 
bit "at which the electronic component is picked up exceeds said 
threshold value . 

2. The method of claim 1, wherein said threshold value is 
between said first and second pressure values. 

3 . A system for mounting electronic components on a 
printed circuit board, comprising: 

a component supporting stage for holding said electronic 
components with mounting heade with detachable vacuum bits to 
picked up the electronic components; 

a board bearing stage for holding the printed circuit board 
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where che electronic components are mounted; 

a pressure sensor for detecting a first pressure value of a 
respective vacuum bit at which the respective vacuum bit is in an 
opening state, and a second pressure value of the respective 
vacuum bit at which the respective vacuum bit is in a closing 
state ; 

means for determining a threshold value in response to the 
detected first and second pressure values of the respective 
vacuum bit; and 

means for moving the mounting heads to the board bearing 
stage in response to a determination that the pressure value of 
the vacuum bit at which the electronic component is picked up 
exceeds said threshold value. 

4 . The system of claim 3 , wherein said threshold value is 
between said first and second pressure values. 

5. A method or a system for mounting electronic components 
on a printed circuit board, substantially as herein described 
with reference to the accompanying drawings. 




Office 



Application No: 
Claims searclied: 



GB 9603S36.S 
1-4 



Examiner: 
Date of search: 



Dave McMunn 
1 April 1996 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK CI (Ed.O): B8H (HPB) 
Int a (Ed.6): HOIL 21/00. H05K 13/04. 
Other: 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 






to claims 


X 


GB 2,235,915 A (SMC). See whole doc. 


1-4 


A 


EP 0,475 599 Al (IBM). See whole doc. 


1-4 


X 


EP 0,269,128 A2 (TOSHIBA). See whole doc. 


1-4 



X 
Y 



Document indicating l«ck of novelty or inventive step A 
Document indicating laek of inventive step if combined P 
with one or more other documents of same category. 



Sl Member of the same patent family 



Document indicotiiig technological background and/or state of the an. 
Document published on or after the declared priority date but before 
the niing date of this invention. 

Putent document published on or after, but with priority date earlier 
than, the filing daU of this application. 



<GB 22981 B3A_i_> An Exccutive Agency of the Department of Trade and Industry 



